We assessed the effect of a diet supplemented with fish oil (FO) on the performance, fatty acid (FA) composition, quality, and sensory traits of broiler meat. Diets enriched with 0, 2, or 4% FO plus tallow (T) up to 8% added fat (T1, T2, and T3, respectively) were given to the birds throughout a 38-d growth period. T3 was replaced by a mixture of FO, linseed oil (LO), and T (1, 3, and 4% respectively) for 1 wk (T4) or 2 wk (T5) before slaughter. Meat quality, taste, and FA profile were determined. Higher final weights were recorded for birds fed T3, although feed efficiency was not affected. Other performance or objective meat quality parameters did not show significant differences among treatments. High FO
INTRODUCTION
The lipid composition of broiler meat can be modified by adding linoleic (LA) and linolenic (LNA) acids, vegetable oils (Ló pez-Ferrer et al., 1999a) , fish meal (Hulan et al., 1984) , and fish oils (Scaife et al., 1994; Ló pez-Ferrer et al., 1999b) .
When meat is enriched with polyunsaturated fatty acid (PUFA, particularly with n-3 long-chain fatty acids (C ≥ 20), all vegetable fat sources seem to be less effective than marine fats. This effect results from the content of n-3 fatty acids (FA), because marine oils are composed of eicosapentaenoic acid (C 20:5 n-3 , EPA) and docosahexaenoic acid (C 22:6 n-3 , DHA), in a variable but generally high proportion, whereas vegetable oils contain LNA, whose conversion to longer-chain derivatives and deposition in peripheral tissues is not sufficient to give nutritionally valuable modified products (Caston and Leeson, 1990; Cherian and Sim, 1991) .
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concentrations decreased the saturated and monoenoic FA contents in the thigh samples. The amount of polyunsaturated fatty acids (PUFA) increased when added to the diet (FO diets), mainly as long-chain n-3 FA [eicosapentaenoic fatty acid (EPA), docosapentaenoic fatty acid (DPA), and docosahexaenoic fatty acid (DHA)]. On the other hand, levels of total n-6 FA resulted in slight changes, mostly in linoleic acid (LA) . By replacing the FO diet with the experimental mixture (T4, T5), the n-3 and n-6 FA contents increased, mainly in the form of linolenic acid and LA, respectively, only 1 wk later. After 1 wk of T4, the DHA levels in chicken decreased. Sensory panelists could not identify the meats from T4 and T5 as being different from the control diet (T1).
Our previous findings show that chickens modify their lipid profile shortly after 1 wk of replacement of the dietary fat source. However, the correlation between the nature and magnitude of the change in deposition of each FA in chicken meat and its amount in the diet is unclear. A linear response to increasing amounts of EPA and DHA in the diet would ensure high levels of such FA in meat. However, the use of fish oils at concentrations greater than 1 to 2% in poultry diets entails several organoleptic problems in the final product that compromise meat (Edwards and May, 1965; Fry et al., 1965; Miller and Robisch, 1969; Hargis and Van Elswyk, 1993) .
With a view toward increasing the nutritional quality of poultry meat while preventing deterioration of sensory quality, the present study assessed several feeding regimens based on fish (FO) or linseed oil (LO) plus FO in the rations of broiler chickens.
MATERIALS AND METHODS

Animals and Diets
Two hundred fifty unsexed, 1-d-old chicks of a Cobb cross, randomly arranged in 25 replicates (10 birds per replicate), were assigned to one of five dietary treatments (five replicates per treatment). The birds were studied in a controlled environment farm at the Unterer Lindenhof research station, which belongs to the University of Hohenheim. The birds were given access to water and diets ad libitum that were formulated by adding 8% of fat to a basal diet (Table 1) , which met the requirements recommended by the National Research Council (1994) .
Two plans were designed to evaluate the effect of FO. Plan 1 included three experimental treatments, which consisted of variable amounts of the following n-3 longchain (LC) PUFA: EPA, DPA (docosapentaenoic fatty acid), and DHA (Σ n-3 LC-PUFA), in order to determine the relationship between content in the diet and in the chicken meat. The FO used were at 0% (Diet 1, T1, control diet, Σ n-3 LC-PUFA: 0.06% of the total fatty acids), 2% (Diet 2, T2, Σ n-3 LC-PUFA: 4.83% of the total fatty acids), and 4% (Diet 3, T3, Σ n-3 LC-PUFA: 9.48% of the total fatty acids) plus tallow (T) up to 8% added fat.
2
The T3, T4, and T5 were designed to define a feeding system that permitted a withdrawal of FO from the diet (Plan 2). Our aim was to improve the sensory quality of the meat while trying to preserve the nutritional benefits provided by FO. In this design, the diet given in T3 (Diet 3), which was enriched with 4% FO oil plus 4% T and was administered throughout the experimental period, was replaced by a diet enriched with 3% LO plus 1% FO plus 4% T (Diet 4, Σ n-3 LC-PUFA: 2.62%, LNA: 23.83%) for 1 wk (T4) or 2 wk (T5) before slaughter. The lipid profiles of the experimental diets are shown in Table 2 .
All 5-wk-old birds were weighed, wing-banded, sexidentified, slaughtered, and eviscerated in the poultry slaughterhouse at the Unterer Lindenhof research station of the University of Hohenheim. The birds were bled, scalded, plucked, and eviscerated (removal of lungs and gastrointestinal tract), and air-chilled carcasses were weighed after removal of the head, neck, feet, and abdominal fat (considered the fat extending within the ischium, surrounding the cloaca, and adjacent to the abdominal muscle) to obtain ready-to-cook carcasses. Carcasses were stored in a cool chamber at 0 to 2 C until the next day, when weight was again recorded, and they were hand-cut into their various parts. In order to reduce variability in the cutting procedure, all dissections were carried out by only one operator. Each carcass was then portioned into commercial cuts as back, two leg-thighs, two wings, and breast (Hudspeth et al., 1973; Orr et al., 1984) . Breast was obtained after removing wings by cutting through the shoulder joint at the proximal end of the humerus and by cutting through the ribs, thereby separating the breast from the back (excluding skin). The resulting cuts (breast meat, wings, and thighs with drumsticks) were then weighed to the nearest gram. After being quartered, thighs from T1, T4, and T5 were separated and frozen at −20 C until the appropriate sensory evaluation tests.
The tissue samples for FA analysis (five thighs, excluding skin, per treatment) were freeze-dried (FTS Systems model Alpha 1/6 3 ). The total diet lipids and tissues were extracted following Folch et al. (1957) and were methylated with 20% boron trifluoride methanol complex in methanolic solution (Morrison and Smith, 1964) . The Composition of vitamin premix was as follows per kilogram of premix: vitamin A, 6,000,000 IU; vitamin D 3 , 1,500,000 IU; vitamin E, 15,000 mg; riboflavin, 3,000 mg; pantothenic acid, 7,000 mg; nicotinic acid, 25,000 mg; folic acid, 500 mg; vitamin B 12 , 15,000 µg (Vit-Vorm 6/1.5) supplied by Animedica, Horb, Germany. 4 Composition of trace element premix was as follows per kilogram of premix: Mn, 120,000 mg; Zn, 80,000 mg; Fe, 90,000 mg; Cu, 15,000 mg; I, 1,600 mg; Se, 500 mg; Co, 600 mg (Spü rElevor SG1, supplied by Animedica, Horb, Germany). lene-siloxane stationary phase) film and a flame ionization detector. The operating conditions of the gas chromatograph were as follows; the initial temperature was 75 C, increasing by 4 C/min to 148 C; from 148 to 158 C, the temperature was increased by 2.5 C/min; from 158 to 225 C the temperature was increased at the rate of 5 C/min. The temperature of the injector and the detector remained stable at 280 C. The column head pressure of the conductor gas (Helium) was 1.30 g/cm 2 . The FA percentage was integrated and calculated using the CLASS-Unipac Program, 5 by means of direct normalization of the peak areas. Each FA was identified in the form of a methyl ester by comparing the retention times with the standard acquired from Sigma. 6 The sensory analysis of the samples of chicken thighs of treatments T1 (control diet, as positive control), T4, and T5, which had been prepared according to the World's Poultry Science Association (1987) methodology, was carried out by six trained individuals who are part of a regular sensory panel at the Department of Poultry Science of the University of Hohenheim. Training of the panelists in sensory evaluation had been conducted following Norm DIN 10959/10961 (Fliedner and Wilhemi, 1993) to teach them to identify the fishy taint in the poultry products. Similar amounts of meat were weighed and wrapped in two layers of aluminum foil before grilling in a double-plated grill at 200 C. The internal temperature of edible portions was controlled, and samples were kept inside the grill until an internal temperature of 85 C was reached. Time between cooking and serving was kept constant at less than 15 min. The panel assessed the meat in a triangular test (Seemann,1981) in which flavor of the meat and general impression were evaluated. Contrasts were made two by two among the three treatments, and each of the three resulting contrasts was conducted in different sessions (one session per day). In each session, only one tissue (thigh) was evaluated and contrasted twice in accordance with the procedures of Seemann (1981) . The panelists assessed the samples as follows: typical poultry flavor (5), acceptable (4), indifferent (3), poor (2), or very poor (1).
The objective parameters were conducted 48 h after slaughter of the birds on each left breast of seven individuals per treatment. We calculated the water-holding capacity (juiciness), following Grau and Hamm (1953) and using the modified Braunschweiger Model technique (Grashorn, 1995) . Grill losses were determined by difference in weight of all the left breasts of the samples, before and after cooking them wrapped in aluminum foil, in a double-plated grill at 200 C. The internal temperature of the portions was controlled, and samples were kept inside the grill until and internal temperature of 85 C was reached. Tenderness was estimated on cooked samples of breast (circular portions of 2 cm in diameter, prepared as described by Seemann, 1985) by following Ehinger (1977) . Texture was measured using the Warner-Brazler shear tool in an Instron Model 4301. 
Statistical Analysis
Data were analyzed by variance and simple regression analyses using the procedure described by the SAS Institute (1996). Significant differences among treatments were determined according to an ANOVA test. For significant differences (P < 0.05) means were compared by using the least significant difference method of the same statistical package. The sensory data were analyzed as per Seemann (1981) . All treatments were compared two by two, and contrasts for a panel of six individuals were established as follows: NS (not significant differences in flavor between the two treatments), only none, one, or two individuals were able to isolate the different sample in both exposed dishes; P < 0.05, three individuals identified the single sample; P < 0.01, four individuals were able to identify the single sample; and P < 0.001, at least five individuals detected the single sample in both dishes of the conducted contrast.
RESULTS AND DISCUSSION
Productive Performances
The values corresponding to the productive parameters, as well as the performances of the carcasses and the percentages of the breast and thigh cuts of the birds, are shown in Tables 3 to 6. Feeding of diets that deviate in composition from a standard diet raises the question of whether such diets confer a reduced growth performance, thus causing subsequent economic losses for the producer. Significant differences due to dietary treatment are almost absent from the production parameters throughout the experimental period. In any case, the weight increase in grams per bird per day was higher (P < 0.05) in birds fed the diets with the highest content of FO than in those fed the control diet, which showed the highest T content (Table 3 ). The resulting final weights for T2 and T3 were higher than those for T1, although better feed efficiency was not observed. The use of higher PUFA levels in diets and the effect on the performance parameters of broiler chickens, e.g., higher feed intake and feed:gain ratio has been described elsewhere (Zollitsch et al., 1997) , although other authors have reported contradictory results (Ajuyah et al., 1993) . In agreement with previous results (Phetteplace and Watkins, 1989; Huang et al., 1990; Nash et al., 1995) , the inclusion of FO as an ingredient in the diets did not cause adverse effects on mortality or final weight or feed conversion ratios, as compared with the inclusion of saturated fats throughout the experimental period (T1). However, Hulan et al. (1988) reported that diets enriched with isoenergetic and isonitrogenous redfish meal and redfish oil led to lower feed consumption and body weights and poorer feed conversion efficiency than the control diet. They attributed this result to lower palatability and higher calcium levels, although no palatability problem as a result of FO supplementation in the diet was found in the present study. The withdrawal plan, established as treatments T4 and T5 (more polyunsaturated feed for a longer period), did not result in statistically significant differences in any performance parameter when compared to T3. A synergistic effect was detected on mixing different kinds of fats, which resulted in better feed transformation and higher final weights as reported elsewhere (Garrett and Young, 1975; Sibbald and Kramer, 1978) .
The carcass yield values (Table 5) , based on the carcass weight after removal of feet and head, were similar in Percentage of carcass.
4 T1 = 8% tallow (T); T2 = 2% fish oil (FO) + 6% T; T3 = 4% FO + 4% T. *P < 0.05. **P < 0.01.
all treatments and ranged from 65.0 to 65.6%. The differences in the relative weight of each cut of the carcass in the two experimental plans were not significant. Therefore, increasing levels of polyunsaturation in the diet, i.e., in the meat, did not result in a higher abdominal fat percentage, as reported by Zollitsch et al. (1997) , who found higher levels than we did (2.3 vs. 1.3%). As expected, the carcass yield registered at the slaughter- Values are the means of seven observations per treatment and their pooled mean square of error (MSE).
2 Juiciness = Water-holding capacity. Proportion of area of liquid in relation to the area of meat; maximal kraft = highest force value during shearing; toughness cut = mean force applied to shear the meat; energy in cut = integration of applied energy between start and maximum force; total energy = integration between limits of the stated shear determinations. 3 T1 = 8% tallow (T); T2 = 2% fish oil (FO) + 6% T; T3 = 4% FO + 4% T. *P < 0.05. house in males was higher than in females (65.9% for males vs. 64.9% for females; P < 0.001), although this finding was not significant after cooling (P < 0.10). The abdominal fat percentage in male chicks was lower than in female chicks (0.99% for males vs. 1.53% for females; P < 0.001). Tables 7 and 8 show the objective quality meat parameters of the breast samples of chicks at various concentrations of FO and with withdrawal plan of FO, respectively.
Meat Quality Parameters
Different amounts of FO in diet did not result in significant differences among treatments for each experimental plan, unlike the differences in juiciness between sexes. The breasts of females had more juiciness, irrespective of the experimental dietary treatment (P < 0.05 for Plan 1 and P < 0.01 for Plan 2). Juiciness is associated with the retention of water within the muscular fibers of raw meat (Grashorn, 1995) . On the other hand, the grill losses of the breast meat samples from female chicks were not significantly increased. In Plan 2 (withdrawal of FO, Table 8), the female chicks were not significantly different from males in tenderness values. Consistent differences were not significant and almost never exceeded 25% of difference when compared to the male chick values.
Fatty Acid Composition
Many studies have examined the effects of dietary LC-PUFA, supplied as FO or fish meal, on the FA composition of the broiler carcass (Miller and Robisch, 1969; Hulan et al., 1988; Phetteplace and Watkins, 1989; Nash et al. 1995; Ló pez-Ferrer et al., 1999b) , to encourage the human dietary intake of long chain n-3 PUFA, which have beneficial effects on human health and resistance to various inflammatory diseases. These studies have clearly established that n-3 PUFA-rich diets increase the deposition of these fatty acids in muscle and adipose tissues.
In the present experiments, the presence of FO in the added fat increased the accumulation of n-3 LC-PUFA in muscle, especially that of EPA, DPA, and DHA, as compared with the other two FA sources (T, LO + FO + T). Tables 9 and 10 show the FA content in the chicken thigh samples. No FA with more than 22 carbon atoms was detected.
Plan 1. Increasing Levels of FO. As expected according to the FA profile of the diets, the saturated fatty acid content of the meat was slightly lower when T was replaced by progressively more FO, the predominant FA being palmitic acid (C 16:0 ), followed by stearic acid (C 18:0 ). The monounsaturated FA (MUFA) content of the thigh samples also decreased with increasing levels of FO in the diet. The highest values were obtained when T was the highest, i.e., in the control diet (T1), as reported by Yau et al. (1991) and Scaife et al. (1994) . It was mainly in the form of oleic acid (C 18:1 n9 ), although T1 had a lower level than T3. This effect could be due to the dual origin of oleic acid in meat (direct depot from diet and de novo synthesis in liver and tissue). The high palmitic acid (C 16:0 ) content in T1 could account for the high level of oleic acid in meat, through elongation and desaturation.
The PUFA content increased (P < 0.01) with increasing levels of FO in the diet (T2, T3). However, each type of PUFA must be analyzed. The precursors of the n-3 and n-6 families, LNA and LA, respectively, increased slightly with addition of FO to the T diet. LA was the main PUFA in thighs. All n-3 LC-PUFA clearly increased (P < 0.01) with progressively increasing amounts of FO to almost 5% of the total FA in the tissue. The prevailing FA was DHA (2.42 and 0.93% for T3 and T2, respectively). However, in comparison with results reported elsewhere (Chanmugam et al., 1992; Scaife et al., 1994) and previous findings (Ló pez-Ferrer et al., 1999b), we observed less of all the n-3 LC-PUFA content in thighs, particularly EPA. This result must be due to the special kind of FO used in the present experiment, with less EPA, as well as more gondoic (C 20:1 n-9 ) and erucic (C 22:1 n-9 ) acids. In addition, the FO used was mixed with T, which diluted the LC-PUFA percentage of the dietary fat.
The increase in the different n-6 LC-PUFA due to FO was not as dramatic as the increase in n-3 PUFA. Arachi- Values are the means of seven observations per treatment and their pooled mean square of error (MSE).
2 Juiciness = Water-holding capacity. Proportion of area of liquid in relation to the area of meat; Maximal kraft = highest force value during shearing; toughness cut= mean force applied to shear the meat; energy in cut = integration of applied energy between start and maximum force; total energy = integration between limits of the stated shear determinations. 3 T3 = Diet 3 for 5 wk; T4 = Diet 3 for 4 wk and Diet 4 for 1 wk; T5 = Diet 3 for 3 wk and Diet 4 for 2 wk; T5 = 4% fish oil (FO) + 4% tallow (T) for 3 wk and 1% FO + 3% linseed oil + 4% T for 2 wk. **P < 0.01.
donic acid (AA, C 20:4 n-6 ) remained unchanged, and all the other n-6 FA showed little variation when T was replaced by FO. The exception was C 20:3 n-6 , the only n-6 FA that slightly increased in T3, the treatment with the highest FO content. The slight n-6 response to increasing levels of FO in the diet could result from the increase in the total n-3 LC-PUFA content when FO was added. The competition between precursors from both PUFA families (Sprecher, 1989) could have been enhanced after replacing T with FO. High levels of n-3 LC-PUFA might have decreased the desaturation and elongation of LA to its derivatives, as reported by Bézard et al. (1994) in mammals. The AA content in the tissues was higher than in the diet, although this finding was not closely associated with the LA content in the diet, as suggested by Scaife et al. (1994) and Yau et al. (1991) . A minimum of AA might remain constant in tissues to ensure certain metabolic processes. The regression analysis of the FA profile of the thigh samples according to the relative content in the diet provided useful data. The saturated fatty acid and MUFA contents in the tissue depended less on their respective contents in the diet than the PUFA tissue content (R 2 = 0.93, P < 0.001), which was the most dependent, probably because of the close relationships among liver conversion from diet, tissue deposition, and de novo synthesis from carbohydrates. The PUFA content was also obtained from direct deposit from dietary fat and, to a much lesser extent, from de novo synthesis Trans fatty acids. *P < 0.05. **P < 0.01. ***P < 0.001. through elongation and desaturation from the other groups.
As expected according to FA analyses, not all PUFA in tissue showed the same regression response. All of the n-3 LC-PUFA (C 20 and C 22 ) showed higher R 2 than their precursor, LNA, which was present at low levels in all of the dietary treatments that included FO. The EPA, DPA, and DHA had the highest R 2 of all the FA analyzed, and so their content in tissues was more dependent on their dietary content than on conversion from their precursor. Their presence in tissues at high levels can be considered a marker of the use of fish products in formulated diets.
This experiment and our previous study (Ló pez-Ferrer et al., 1999b) were combined, in a regression analysis, for a range of total FO dietary content between 0.0 to 8.2% and, consequently, the dietary levels of EPA from 0.0 to 15.8% and DHA from 0.0 to 9.1%. These dietary levels were highly correlated with the n-3 LC-PUFA content in thigh meat (R 2 = 0.99, y = 0.51x − 0.06, P < 0.001 for EPA; R 2 = 0.91, y = 0.71x − 0.57, P < 0.001 for DHA), without reaching a plateau of deposition of the n-3 LC-PUFA in this specific peripheral tissue.
Although conversion to longer-chain FA is not high, the final content of LNA in tissues suggests that it is related less to the amount present in the diet (R 2 = 0.64) than to its content in the diet and the first derivative (C 18:4 n-3 ) in tissue as independent variables (R 2 = 0.92, data not shown). The LNA may thus convert into its derivatives in tissue, as reported by Scaife et al. (1994) .
The high conversion of LNA in liver (Ló pez-Ferrer et al., 2001 ) may also allow, at least, the creation and deposition of sufficient amount of the first derivative in peripheral tissues.
On the other hand, all n-6 FA in tissues seem to be less linked to their content in diets than n-3 FA (R 2 = 0.29 vs. 0.98). The very limited range of the n-6 precursor (LA) in the dietary treatments compromised the linear response of the n-6 group. Increased amounts of LO (Ló pez-Ferrer et al., 2001 ) and a broad range of LNA and LA in diets provided a clear linear response of the n-3 and n-6 families FA in tissue, which resulted in higher R 2 values. In our experimental conditions, the ranges of LA and LNA in the diets did not allow us to observe such gradual changes. Moreover, most of the n-3 FA are given as LC-PUFA in the diet (EPA, DHA), Trans fatty acids. *P < 0.05. **P < 0.01. ***P < 0.001.
which inhibits n-3 elongation, desaturation, and, especially, the metabolism of LA, as shown in rats (Grønn et al., 1992; Muriana et al., 1992) . Unlike the n-3 content, the n-6 content in tissues is far more dependent on the n-6:n-3 ratio than on the n-6 FA content in the diet. These n-3 LC-PUFA were almost independent of the n-6 concentration in the diet. Plan 2. Withdrawal of FO from the Diet Before Slaughtering. When Diet 4 replaced Diet 3 for 1 wk before slaughter, the saturated fatty acid content decreased. This decline was proportional to the decrease that took place after 2 wk on Diet 4. The lower level of saturated fatty acid, mainly as palmitic acid, followed by stearic acid, in Diet 4 was responsible for that change. The MUFA content was also higher in the samples from birds fed T3 in the form of oleic acid.
The level of PUFA in the meat scored the highest values when FO was withdrawn from the added fat of the diet (T5), mainly as a result of the high LNA level in Diet 4. As with changing FO levels, all PUFA were studied according to the families: when FO was replaced by Diet 4, the relative proportion of the total n-3 FA was significantly affected. Although a high LNA content (P < 0.01) was observed in the meat when LO was used, which resulted in the rise in total n-3 FA, almost all of the n-3 LC-PUFA decreased, especially DHA in the T5 samples. This change was clear in T4 samples, after just 1 wk of replacement. The relative proportion of DHA and DPA in tissues decreased by more than 60%. The 2-wk FO withdrawal had the same effect. However, EPA increased and scored the highest values after 1 wk of replacement of the FO diet (T4). Because Diet 4 had a significantly lower EPA content, the increase could have resulted from desaturation and elongation from the precursor, LNA, or as stated by Grønn et al. (1991) , from retroconversion from DHA in the tissues, which could account for the above-mentioned decline in DHA during the FO withdrawal plan. Diet 4, used in T4 for 1 wk and in T5 for 2 wk, contained 1% of FO (with especially low EPA) but much higher amounts of LNA. Nevertheless, the total EPA amount never exceeded 1.9% of the total chicken fat, and differences in the values, although significant, were never greater than 0.5 percentage points.
Differences in all n-3 LC-PUFA contents in chicken meat between T4 and T5 were minimal, especially in T5, which included FO at 1% of the diet for a longer period. However, the proportion of the LC n-3 depot was much higher when Diet 3, with 4% FO, was given throughout experiment (T3). The administration of LNA does not ensure efficient synthesis of its C 22 family, which rules out meat enrichment strategies and suggests, as pointed out elsewhere (Hawrysh et al., 1980 (Hawrysh et al., , 1982 Chanmugam et al., 1992; Ló pez-Ferrer et al., 2001) , that in broiler chickens, desaturation and elongation of LNA does not ensure the enrichment of peripheral tissues. Direct supplementation is thus more appropriate than conversion from precursors.
The relative proportion of the n-6 FA, mainly as LA, increased (P < 0.01) when 3% LO was added to the diet at the expense of their derivatives, which remained almost unchanged on Diet 4. Arachidonic acid was present in the samples from birds fed Diet 4 for 1 or 2 wk (T4, T5), at higher levels than those found in samples from birds fed 4% FO throughout the whole trial (T3). Because AA was clearly lower in the FA profile of Diet 4, this result must be from the desaturation and elongation of its precursor, LA.
In terms of meat enrichment with n-3 LC-PUFA, withdrawal design-use of 4% FO for 3 or 4 wk, followed by a mixture of LO (minimum 3%) and FO (up to 1%)-is more efficient than the use of 2% FO throughout the experimental period (T2). Higher EPA, DPA, and DHA levels and organoleptic quality are achieved. 
Sensory Quality of Meat
Results of the chicken meat sensory tests are shown in Table 11 . Because unacceptable odors were detected in carcasses of chickens fed FO up to 4% (Dansky, 1962) and 2% (Edwards and May, 1965) , we did not compare T3 with the other treatments. Instead, T4 and T5 (1% FO) were compared with the positive designed control (T1). Sensory quality of the meat from T4 and T5 did not have a fishy taint when compared to the control diet (T1), which did not include FO. The panel did not find differences in flavors between T4 and T5 samples or when these samples were compared to those from T1.
The chickens fed 4% FO and then a diet with 1% FO (1 wk before slaughtering) did not efficiently retain DPA and DHA in thigh tissues. The EPA content increased slightly only when 1% FO and 3% LO were added to the diet. However, EPA is among the most biologically important FA included in the human diet. A high EPA content would improve not only the meat but also the regulation of human lipid metabolism (Kinsella et al., 1990; Knapp, 1991) . This improvement requires assessment of the oxidative control of the n-3 LC-PUFA-enriched meat; highly polyunsaturated meat is highly susceptible to oxidative processes, which may harm human health (Hamilton, 1989) .
Low amounts of DHA in the diet resulted in decreased content in the meat. Meat enrichment in n-3 LC-PUFA can only be achieved by adding high proportions of marine products to chicken diets. The conversion of LNA to n-3 LC-PUFA and late deposition in peripheral tissues is rather limited in chicken, although results from viscera such as liver are far more controversial and need further research (Ló pez-Ferrer et al., 2001) . Enrichment of chicken meat with LNA could be achieved without significant sensory losses, which may improve nutritional content because of its influence on the human lipidic metabolism, if the above-mentioned oxidative control is assessed. Meat from T4-fed chickens would contain more n-3 (in the form of LC-PUFA and LNA) than controls (T1), thus meeting most of the human daily requirements (International Life Sciences Institute, 1995) in n-3 LC-PUFA (160 mg of EPA and 1,100 mg of total n-3 in 200 g of meat, taking 4% of fat in thigh as a reference), without sensory losses.
In a time of major changes in the poultry market, we should satisfy the nutritional demands of the consumer. Scientists, researchers, and poultry producers should combine their efforts in order to provide nutritionally improved products. However, further research should be carried out to understand the FA metabolism in chicken and thus optimize the use and efficiency of n-3 ingredients in poultry diets.
